Modeling and Simulation of Linear and Nonlinear Dynamic Model for  Double Inverted Pendulum on Cart System by Abd Al-meer, Shuruq
Journal of Babylon University/Engineering Sciences/ No.(1)/ Vol.(26): 2018 
94 
Modeling and Simulation of Linear and Nonlinear 
Dynamic Model for  Double Inverted Pendulum on 
Cart System 
Shuruq Abd Al-meer 
Roads and Transport Department 
College of Engineering/ University of Al-Qadisiyah  
shuruq.khafaji@qu.edu.iq 
Abstract: 
This paper displays linear and nonlinear model for double inverted pendulum system depended on 
Lagrange equation and the system response for linear and nonlinear of DIPS are noted and analyzed. The 
inverted pendulum has been advanced for a laboratory experiments.  The essential variance between the 
linear and nonlinear equation is present. This analysis is useful for progress of effective controller for a 
DIPS. 
Keywords:-double inverted pendulum system; nonlinear model; linearization; simulation. 
ةصلاخلا 
  تاملكلاةيحاتفملا :-  بولقم لوذنبلا ماظن جودزم ةاكاحملا . تيطخلا . يطخ ريغلا جرومنلا . 
1.Introduction 
inverted pendulum systems (IPS) denote to important type  for the systems of 
mechanical utilized in control systems through a quantity of practical applications. It is 
clear that a vertical movement for  arm of robot and it  can modeled by used one type of 
an “inverted pendula system”. The variety for modeled systems is mirrored in the 
diversity of existing inverted pendula models (Jadlovská et.al., 2011). This paper will 
show the double inverted pendulum system as display in figure 1. The variety of modeled 
systems is mirrored in the varied diversity of available inverted pendula models. So we 
can differentiate between: inverted pendula systems that transfers in a linear manner or in 
a rotary manner in a horizontal plane and  other inverted pendula systems, which differ 
by the number of pendulum links attached to the base(Sultan et.al.,2003). 
 
 
Figure  (1) double inverted pendulum systems 
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2 .The Derivation For Nonlinear Model 
In this section we will derivative on the modelling of nonlinear for double inverted 
pendula on a cart is consisted  of two homogenous, symmetric rods which are joint-
bound with each other and related to a stable moving base(Jadlovská et.al.,2009). The 
input for cart is force; The outputs are denoted through cart position and pendula angles . 
First the cart position is straight influenced by the input force, so any system of inverted 
pendula is considered to be under-actuated (Demirci,  2004). 
The double inverted pendulum on the cart system that display in figure (1) is 
derived by using Lagrange equations:- 
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Lagrangian equation represent by      and Q is represent the vector of force. 
T is kinetic. energy . and P represent the potential energy. 
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So the  system of the Lagrangian is assumed by :- 
  
 
 
(        ) ̇ 
  
 
 
(    
      
    ) ̇  
  
 
 
(    
    ) ̇  
 
 (         )     (   )  ̇  ̇          (   ) ̇  ̇ 
          (     ) ̇  ̇  (         )                 
 
Where       ̇     and         Subject to Lagrange equation such as: 
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The mass centers for the pendulum are in geometrical center of the links, that 
represents solid rods: 
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Table 1 Parameters of Inverted Pendulum System 
 
Parameters Notation Values 
Mass of cart m0 0.3 
Mass of lower pen. m1 0.275 
Mass of upper pen. m2 0.275 
Length of pen1 l1 0.5 
Length of pen2 l2 0.5 
Friction coefficient    0.3 
Damping constant of pen1    0.2 
Damping constant of pen2    0.1 
Moment of  inertia of pen1 J1 0.022 
Moment of  inertia of  pen2 J2 0.022 
Force on cart F 0.4 
 
3. Linearised Dynamic Model 
The DIPS is  a multi-variable for  nonlinear system . In order to simplify control 
strategy, linear the model near the balance point. 
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Then  get the new equation  
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4. Simulation Model 
Figure 2 and 3 display the simulation of    linear and nonlinear for DIPS . All 
equations in state space representation  were  applied in Simulink model and the response 
of system are detected  .Figure 4 represent transient response for cart position of 
Nonlinear model ,figure (5) represent the   pendulum angular response of nonlinear 
model, figure(6)  represent the transient response for cart position of  linear model and  
figure(7) represent the transient response for cart position of linear model . 
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Figure(2) Simulink  for  non linear model 
 
 
Figure(3) Simulink  for  linear model 
 
Figure(4) transient response for cart position of  
nonlinear model  
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Figure (5) Pendulum angular (lower and upper
  
)  response of nonlinear model 
 
 
 
Figure (6) transient response for cart position of linear model 
 
 
 
Figure (7) Pendulum angular (lower and upper)   response of linear model 
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5. Conclusions 
For designing of controller for linear model is easier form nonlinear model .For 
double inverted pendulum system, successfully. Derived the nonlinear equations of DIPS. 
The linear model was derived by the linearization at the specified operating points. 
Simulation results show that the derived models in equations gives the same responses as 
the responses presented by the reference paper. 
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